According to Mendelian inheritance, the offspring's allele pairs are from the parental. 12 When an allele in offspring could not be from either of its biological parents, Mendelian error happened. If
Mendelian error was found on the basis of the genotyping results, it was indicated that calling errors happened. Thus, evaluation of calling error based on Mendelian inheritance is a fast and effective strategy. 13 In this study, we aimed to evaluate the calling error of Taqman genotyping systematically based on Mendelian inheritance.
Twenty-two SNPs located in vitamin D metabolic pathway genes were genotyped by Taqman genotyping for 419 pedigrees. Then, Mendelian genetic errors were counted for every SNP and pedigree.
The errors in a typical pedigree were validated by Sanger sequencing. The results could help to understand the characteristic of calling error and the influencing factors. And this work would provide a reference for calling errors adjustment in SNP association study.
| MATERIAL S AND ME THODS

| DNA sample
Peripheral blood samples were from 419 pedigrees living in Henan province of China. The participants were included in a study of association between vitamin D and type 2 diabetes mellitus in 2013. The study was approved by Zhengzhou University Medical Ethics Committee.
And all the participants had signed a written informed consent.
Genomic DNA sample was extracted from peripheral blood with commercial kit from Bioteke Corporation (Beijing, China). The extraction operation was complied with the manual supplied by manufacturer. Nanodrop 2000 spectrophotometer (Thermo Fisher Scientific, Waltham, MA, USA) was applied to examine the quality and quantity of the extracted DNA samples. 14 All the prepared DNA samples had an OD 260 /OD 280 value from 1.7 to 1.9.
| SNP selection and genotyping
Based on our previous research work, 22 SNPs located in vitamin D metabolic pathway genes were selected in this study, including CYP2R1 (rs12794714, rs1993116, rs10766197, and rs10741657), CYP27B1
(rs10877012 and rs4646536), CYP24A1 (rs6013897, rs2248359, rs4809957, and rs6068816), GC (rs7041, rs4588, rs2282679, and rs705117), and VDR (rs1544410, rs2228570, rs7975232, rs731236, rs2189480, rs3847987, rs2239179, and rs739837). The alleles were compared among offspring and parents. If an allele in offspring could not be from either of its biological parents based on the Taqman genotyping calling, it was indicated that Mendelian error happened. In this case, it was regarded as calling error of Taqman genotyping.
| Sanger sequencing
In order to validate a typical calling error, Sanger sequencing was performed for rs739837 in pedigree 411 (including father, mother, son, and daughter). The sequencing work was completed in Sangon Biotech (Shanghai, China 
| Statistical analysis
The SNP calling results were analyzed in the following strategy. First, Mendelian genetic error was counted for every selected SNP to calculate the error rate. Second, Mendelian genetic error was counted for every pedigree to understand the error incidence in 1 pedigree. Third, cluster analysis was applied to investigate the association between calling error and compatibility of Taqman probe with DNA sample. Finally, the calling error was validated by Sanger sequencing for a typical pedigree. 
| RE SULTS
| Mendelian genetic error for SNPs
Based on the calling results of Taqman genotyping, all the Mendelian genetic error were counted for each SNP (Figure 1 ). The data suggested that Mendelian genetic error was found for all the SNPs. Error number ranged from 4 to 33 with median of 10.5. Error numbers for all the SNPs except rs2189480 were less than 20. 12 SNPs out the 22 selected SNPs had 9-11 errors. Excessive error was found for only 1 SNP (rs2189480) if tolerable relative error was set as 5%.
| Mendelian genetic error in different pedigrees
Accumulative Mendelian genetic error for every pedigree was sum- 
| Cluster analysis for Mendelian genetic error
Cluster analysis was plotted for different SNPs in different pedigrees ( Figure 3) . The results suggested that there were 3 pedigree clusters for Mendelian genetic error of all the SNPs. First, Mendelian genetic errors were found in a pedigree cluster for SNPs including rs2189480, rs10877012, rs4809957, rs6013897, rs6068816, and rs12794714. Second, Mendelian genetic errors happened in another pedigree cluster for SNPs including rs1544410, rs731236, rs4588, rs2282679, rs705117, rs3847987, rs739837, and rs7975232. Third, there was a pedigree cluster in which Mendelian genetic errors were only found for rs2189480.
| Sanger sequencing for typical pedigree
Sanger sequencing was applied to validate the calling error of rs739837 in a typical pedigree 411 (Figures 4 and 5) . The results suggested that calling results were consistent for both mother and son, but inconsistent for both father and daughter.
| D ISCUSS I ON
Quality control for SNP genotyping is of great significance in the fields of genetics, etiology, and pharmacy. In this study, Mendelian inheritance was applied to detect calling error of Taqman genotyping. The results suggested that Mendelian inheritance is a fast and effective strategy for detection of calling error without replicate determinations. It is valuable for quality control in genotyping of large samples. Furthermore, the results in this study not only help to understand the error characteristic but also shed light on the factors that may cause calling error.
First, the results in this study revealed that calling error of Taqman genotyping is inevitable for large samples. Errors were found for all the 22 SNPs selected in this study. Nevertheless, the accuracy of Taqman genotyping is acceptable as a whole. Excessive
Mendelian genetic error was only found for rs2189480, if tolerable relative error was set as 5%. In addition, half of the pedigrees containing errors had only 1 Mendelian genetic error. Therefore, calling error happened randomly and could not be eliminated completely.
On the other hand, calling error showed cluster feature. There was 1 pedigree containing up to 10 calling errors. 
| CON CLUS ION
Mendelian inheritance was applied to detect SNP calling error of Taqman genotyping in this study. Random error was inevitable in genotyping of large samples. This may be associated with the quality of Taqman probe and DNA sample, as well as their compatibility. But the accuracy of Taqman genotyping is acceptable as a whole. 
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